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Introduction
Adolescence is an important period for the development and adoption of healthy behaviors which may be maintained throughout adult life 1 . Elevated waist circumference (WC) and body mass index (BMI) are independent risk factors for coronary heart disease and diabetes, because of its relation to dyslipidemia, hyperinsulinemia and hypertension 2 . The development of these metabolic risk factors at this stage appears to increase the risk of chronic obesity and its complications later in life 1 . Therefore, the monitoring of health-related risk factors should get more attention from public health professionals.
Different studies have demonstrated that health-related risk factors are associated with conditions for the development of chronic non-communicable diseases in children and adolescents [2] [3] [4] [5] [6] . In addition, the increase of metabolic disorders such as hypertension, hyperglycemia, elevated serum triglyceride and total cholesterol, and decreased high-density lipoprotein with abdominal adiposity, can lead to metabolic syndrome 7 . Studying the aggregation of metabolic risk factors is important to identify and prevent the development of cardiovascular diseases in adolescents.
Despite the considerable amount of literature examining risk factors in Brazilian adolescents 2, 8, 9 , studies investigating the sex, age and socioeconomic status (SES) disparities in the proportions of health related risk factors are rare. However, the understanding of these differences is of the utmost importance to develop preventive intervention programs for adolescents.
The present study aimed to compare metabolic risk factors between sex, age and socioeconomic status in a sample of adolescents.
Methods

Sampling procedures
This is a cross-sectional study with 997 adolescents of both sexes (429 boys) intentionally selected from 13 public schools in the city of Curitiba in southern Brazil. The data collection took place on the premises of the schools during the school hours of the selected subjects, in the presence of the researcher in charge and duly trained collaborators.
Ethical considerations
The methodological procedures adopted were approved by the Federal University of Paraná's Ethics Committee on Research. All the adolescents were granted previous authorization by parents/caretakers to voluntarily take part in the study.
Blood pressure
Blood pressure (BP) was measured by trained technicians before the blood sampling procedure. The BP measurement was performed in accordance with the method described in The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents
10
. The students were asked to rest in the sitting position for 5-10 minutes prior to the BP assessment. The systolic blood pressure and the diastolic blood pressure were measured on the right arm using a sphygmomanometer of mercury column. Two measurements were taken after 5 and 10 minutes of rest, respectively. The mean of the two measurements was the value taken into consideration. If the two measurements differed by > 2 mmHg, a third measurement was performed. According to percentiles of blood pressure based on height, gender and age the participants were classified as normotensive (< 85 th Percentile), prehypertensive (≥ 85 th Percentile and < 95 th Percentile), or hypertensive (≥ 95 th Percentile). To avoid misclassification, a second measurement was taken on the next day for those who had been classified as prehypertensive or hypertensive.
Biochemical tests
The blood samples were collected in the morning after at least 12 hours' fasting (only water was allowed). The drawing of the blood samples was performed by a nurse from a laboratory hired specifically for this purpose. For each subject approximately 8 ml of blood was drawn and immediately stored in a thermos container for transport.
The automated enzymatic colorimetric method was used to measure total cholesterol (TC), high density lipoprotein (HDL-c), and triglycerides (TG), whereas low density lipoprotein (LDL-c) was calculated using Friedewald et al.'s formula (LDL-c = TC-HDL -TG/5) 11 . The participants' glucose profiles were also obtained through the analysis of their glucose levels using the Automated Humanstar80 method. Based on these results, the subjects' metabolic profiles were determined.
The classification of the metabolic profiles followed the reference values proposed for children and adolescents in the First Childhood and Adolescence Atherosclerosis Prevention Directive classifying the adolescents into the Normal, Limitrophe and Elevated categories 12 . Due to the small number of adolescents with altered fasting glucose levels, the Limitrophe and Elevated categories were combined into a category named Altered.
Anthropometric measures
Height and weight were measured to determine Body Mass Index (BMI) 13 . Classification of BMI status followed the reference tables for adolescents proposed by the World Health Organization for each sex and age 14 . The waist-circumference (WC) was measured twice, using a flexible metal tape measure (WISO) with a 0.1 cm scale, at the mid-point between the iliac crest and last rib 13 , and the classification used the cutoff points of Freedman et al. 15 .
Aggregation of Metabolic risk factors
Aggregation of Metabolic risk factors was defined as the simultaneous presence of two or more alterations in the eight metabolic and obesity markers measured during data collection. 
Socioeconomic status questionnaire
The socioeconomic status (SES) was defined using the Brazilian Association of Research Companies' questionnaire 16 , which determines socioeconomic classes based upon the ownership of appliances at home, specific goods and the head of the household educational level. Originally the SES is divided in five categories (A, B, C, D and E) however, due to the fact that there were few individuals in lower SES categories (C, D and E); the adolescents were grouped into three categories: A, B, and C/D/E.
Statistical analysis
Descriptive analysis (mean and relative frequency) was used to identify the sample's characteristics. The Fisher Exact Test and the Chisquare test were used to identify differences in metabolic risk factors across age, sex and SES adopting p<0.05 as a significance level.
Results
The Table 1 describes the demographic characteristics of the participants. There was a predominance of females (57%), between 14 and 16 years old (49.2%), mostly classified as B SES (63.9%). Table 2 shows the percentage of anthropometric data and metabolic values of the study's participants, for both sexes, different age groups and SES classifications. Significant differences were found between age groups in the eutrophic classification, and also between BP, TC and LDL-c between sex, as well as TC between age groups. No significant difference was observed between the metabolic variables and SES. Regarding the aggregated metabolic risk factors, the percentage of 3 and 4 or more MRF was 13.8% and 6.3%, respectively. In addition, 86.5% of the participants had at least one and 39.7% had at least two MRF. The presence of one MRF was significant different between SES.
Discussion
The results of this study showed that 27.4% of the adolescents were classified as overweight and obese. In studies conducted in the southern part of Brazil, we observe prevalences similar to our findings, as reported by Niehues et al. 17 in their systematic review (25.7% overweight and obese adolescents). The prevalence of overweight and obesity is rising in children and adolescents in developing countries, increasing from 8.1% (7.7-8.6 ) in 1980 to 12.9% (12.3-13.5) in 2013 for boys, and from 8.4% (8.1-8.8) to 13.4% (13.0-13.9) for girls 18 . The decline in the percentage of overweight and obesity as the age increases may have occurred due to the maturation process, since adolescents grow at faster rates during puberty, rapidly changing height and weight 19 . In addition to the maturational factor, teenagers are more likely to be influenced by socio-cultural issues, especially girls, which are often encouraged to adopt weight reduction behaviors, such as exercising and dieting, trying to meet the aesthetic standards of society.
Regarding WC, our sample showed a smaller percentage of altered WC (Overall: 16.7%; Boys: 14.9%; Girls: 17.6%) when compared to a previous study carried out with adolescents from the same part of the country, where 28.4% of the boys and 36.3% of the girls had altered WC 20 . Nevertheless, WC is a key parameter of the metabolic syndrome and it is known that children who have one risk factor are likely to have others as well, especially if they are overweight 21 . In the present study, higher percentages of altered BP were found among boys. This data reinforces that there is evidence that androgens, such as testosterone, are one of the mechanisms responsible for the gender differences in blood pressure 22 . In agreement with our findings, a previous study identified in pubertal males higher blood pressure values than shown in age-matched females 22 . These results demonstrate that in adolescence and puberty, when androgen levels are increasing, blood pressure is higher in boys than in girls, but these analysis should take into account the maturational status, given the gender differences during adolescence. Additionally, the adolescence is a period of development characterized by excess of sedentary behavior, physical inactivity and bad eating habits. These risk factors generate an additional risk of high blood pressure in adolescents 9 . Concerning metabolic variables, there were differences between sexes in high levels of TC (>170 mg/dl) and limitrophe LDL-C (100-129 mg/dl), with girls showing higher prevalences at both risk factors. The hormonal status in this age could have some influence in these results due to the fact that the larger production of estrogen, which occurs in the female system in this period, can contribute temporarily to higher serum concentration of TC and its fractions 23 .
In addition, the percentage in the elevated TC classification increased with age, from 12 to 18 years old. This result corroborates, in part, the outcomes of the longitudinal study by Frohnert et al. 24 , where the lipid variables, including total cholesterol, LDL, HDL, and triglycerides, were significantly higher in older adolescents. However, the literature regarding serum lipid changes during adolescence is not clearly elucidated, as shown by the dissimilar results obtained by Courtney and Ian 25 with 6067 adolescents. They described that TC concentrations declined during early adolescence and rose thereafter, approaching adult concentrations. Moreover, the findings of Dai et al. 26 demonstrated that TC decreased by ∼19 mg/dL from ages 9 to 16 years in girls and more steeply from ages 10 to 17 years in boys.
The aggregation of metabolic risk factors contribute importantly to worldwide adult mortality and its occurrence during adolescence has been reported by several studies 27 . The results of this study showed that 13.5% of the adolescents presented zero metabolic risk factors, while 46.7%, 19.6% and 13.8% had one, two and three aggregated risk factors, respectively. As for sex differences, girls presented greater percentages of three aggregated MRF than boys. As for the SES, the difference found in one MRF between A and C/D/E classification and also between B and C/D/E, was discussed in Moraes and Falcão 20 study, which showed that the prevalence of MRF has increased in the middle-income brackets, contributing to increased inequalities in health, however it was different from Nunes et al. 28 study, were they found a significant association between some risk behaviors and lower socioeconomic status.
The Bogalusa Autopsy study conducted by Berenson and Srnivasan 29 , with subjects aged 2-39 years, found that the presence of multiple risk factors (BMI, high blood pressure, TG, LDL-c, HDL-c, TC) in individuals over an extended period of time creates a lifetime burden associated with underlying cardiovascular disease. The relation between risk factors and cardiovascular change is evident for both atherosclerosis and hypertension. These outcomes reinforce the recommendation that public health organizations/governments should direct special attention to the prevention of these risk factors in early life.
The Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents suggests that early identification and control of dyslipidemia and obesity throughout youth would substantially reduce the risk of clinical cardiovascular disease beginning in young adult life 30 . The limitations of this study need to be pointed out. First, a non-probabilistic method (convenience sampling) was used in the study. Second, the cross-sectional design does not provide support to establish causal relationships. Considering the growth and pubertal changes commonly observed in adolescence, a longitudinal analysis would be useful to better understand these findings. Despite these limitations, this study breaks new ground by seeking to identify the percentage of MRF aggregation among adolescents and the differences in relation to sex, age and socioeconomic status.
Conclusion
In summary, the present study observed a high percentage of adolescents classified as overweight and obese, as well as a great number of subjects with limitrophe and altered TC and LDL-c levels, especially among girls. We observed a drop in the percentage of overweight and obese adolescents observed with the increase of age, and higher percentages of altered BP were found among boys. Concerning metabolic variables girls showed higher prevalences at TC and LDL-c, and the percentage of elevated TC classification increased with age. We also pointed out the large percentage of aggregated metabolic risk factors in both sexes, providing evidence that strategies aiming at a reduction in the occurrence of these risk factors are required in this population. Future longitudinal studies are encouraged for the detection of the causality of these factors.
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